Overweight or obesity is generally defined as having more body fat than is optimally needed. Body fat is a necessary component for the proper functioning of hormonal, reproductive, and immune systems. It is also used for thermal insulation, shock absorption for sensitive areas, and energy production \[[@B1]\]. But the accumulation of too much storage fat can cause overweight or obesity, leading to the impairment in movement and flexibility, the alteration in body appearance, and further the occurrence of related diseases including cardiac disorders and type 2 diabetes mellitus \[[@B2],[@B3]\].

On the basis of body mass index (BMI), overweight is usually described as a BMI between 25 and 30 and obesity as a BMI of 30 or more. According to WHO global estimates from 2008, more than 1.4 billion adults were overweight and among them, over 200 million men and 300 million women were obese. WHO is also warning that overweight and obesity are the fifth leading risk for global death (<http://www.who.int/mediacentre/factsheets/fs311/en>). Treatments for overweight or obesity are known to be a proper diet and tailored exercise program \[[@B4],[@B5]\], and sometimes some medications developed as anti-obesity purpose by functioning as appetite suppressants or fat absorption blockers \[[@B6],[@B7]\].

Although the main treatment modalities for overweight and obese individuals remain dieting and physical exercise, the synthetic anti-obesity medications have been increasingly used due to their perceived convenience. For examples of anti-obesity medications, orlistat, an intestinal fat absorption inhibitor, is currently approved by the FDA for long term use in spite of some side-effects such as oily bowel movements \[[@B8],[@B9],[@B10]\]. Rimonabant is a recently developed anti-obesity medication that acts centrally on the brain thus decreasing appetite and peripherally by increasing thermogenesis and energy expenditure \[[@B11]\]. However, due to safety concerns, primarily psychiatric in nature, rimonabant has not received approval in the U.S. or Canada. Lorcaserin is a weight-loss drug that has serotonergic properties and acts as an appetite suppressant \[[@B12],[@B13]\]. The application of lorcaserin was also recently retracted by the FDA based on concerns over both safety and efficacy including headache, upper respiratory tract infection, nausea, and depression (\"FDA Issues Complete Response Letter for Lorcaserin New Drug Application\" 23 October 2010). Therefore, because of the potential side effects, anti-obesity medications are recommended to be prescribed for only obesity where it is anticipated that the benefits of the treatment outweigh its risks \[[@B6],[@B14]\].

In the present study, we examined the adverse side effects in respect of behavior changes of phentermine and *Ephedra sinica* (mahuang) that are anti-obesity drugs currently distributed to domestic consumers. Phentermine is one of appetite-suppressant medications, which was approved for short-term use in the treatment of obesity by the U.S. FDA in 1959, and currently remains available \[[@B15]\]. Mahuang is an oriental medicinal herb traditionally used to treat shivering fits and asthma and has been also prescribed to treat obesity \[[@B16],[@B17]\]. Anti-obesity effect of mahuang is attributed to ephendrin, a major alkaloid found in mahuang, which is classified as a thermogenic agent having a stimulation function on sympathetic nerve \[[@B18],[@B19]\]. As the anti-obesity effects of phentermine and mahuang are mainly associated with the regulation of nerve system, we investigated whether they may influence behavioral changes of experimental animals to forecast the behavioral disturbances in humans as a result of the side effects of these medications.

Materials and Methods
=====================

Drugs
-----

Phentermine (Dietamin®, Daewoong pharm., Seoul, Korea) was used by solubilizing in 1× phosphate-buffered saline (1× PBS; pH 7.4). Mahuang was brewed and concentrated via evaporation. The extract of mahuang was used by solubilizing in 1× PBS. PBS was used as a vehicle of drugs and a negative control.

Animals and drug administration
-------------------------------

Eight-week-old male Sprague-Dawley rats (n=10) weighing 250 g on average were purchased from a commercial breeder (Daehan Biolink, Eumseong, Korea). They were housed in an environmentally controlled room with constant temperature (23±3℃), relative humidity (50±10%), and 12-h light cycle. Rats were fed a standard commercial rodent chow (Daehan Biolink). Three rats were allocated to each group. The rats of phentermine group were orally administered with 0.0058 g phentermine in 2 mL of PBS. The rats of mahuang group were also orally administered with 1.0 g mahuang in 2 mL of PBS. The rats of control group were orally administered with only 2 mL of PBS. The dose of each drug was determined 10 fold higher on the basis of an actual dosage applied to humans. Behavioral tests were conducted 30 minutes after oral administration of each drug. All animal experiments were in accordance with the Standard Operation Procedures of Laboratory Animal and approved by Institutional Animal Care and Use Committee of Laboratory Animal Research Center, Chungbuk National University.

Treadmill running test
----------------------

Treadmill system has a rolling belt with adjustable speed and slope enabling forced exercise training and accurate testing of physical activity in rodents \[[@B20]\]. To encourage the rats to continue running, it also has a metal bar that provides a foot shock (0.4 mA micro current) that causes a tingling sensation. If rodents have a normal nervous system, they learn to continue running to avoid this shock. Generally, the moving distance and staying time on a metal bar are measured during three-times of foot shock. First, for testing the capacity for locomotion and ambulatory function, rats were subjected to a running test at 15 cm/sec on a treadmill (Coulbourn Instruments, North America) and the moving distance was measured for each rat. Next, the staying time which is the elapsed time for a rat to return to the front of a moving platform when a foot shock stimulation was applied was measured for testing the ability to cope with an external stimulus and a sense of direction.

Rota-rod
--------

For examining a sense of motor coordination and balance, rats were subjected to a moving test on rota-rod test system (Panlab Technology, Barcelona, Spain) of which rotation speed was accelerated from 5 rpm to 40 rpm within 30 sec in an early stage and maintained at 40 rpm afterwards. The time of falling off the rod was recorded for each rat according to a previous study \[[@B21]\].

Open field test
---------------

Spontaneous activities and exploratory behaviors of rats were evaluated using a video tracking system (Smart v2.5; Panlab, Barcelona, Spain) connected to a CCTV monitor (Samsung, Changwon, Korea). Rats were placed in a quiet black chamber (60×60 cm^2^ chamber, 40-cm-high walls, with its floor divided into 25 equal squares) with dim light, and the time spent for each type of movements, i.e., resting (below 100 cm/sec), slow-moving (100\~300 cm/sec), and fast-moving (300\~500 cm/sec), was recorded for 5 min for each mouse according to a previous study \[[@B21]\]. Time interval between movements was 5 seconds.

Statistical analysis
--------------------

Data are presented as mean±SEM. The statistical significance between group comparisons for behavioral data was determined by 1-way analysis of variance (ANOVA), followed by post-hoc Dunnett\'s multiple comparison test. A value of *P*\<0.05 was considered to be statistically significant.

Results
=======

In a locomotor activity test using a treadmill, the moving distance of the rats administered with phentermine, or mahuang was revealed to be remarkably shorter than that of the rats fed PBS as a negative control ([Figure 1](#F1){ref-type="fig"}). The mice of control group moved as long as 78 m for 15 min on average, but the mice fed phentermin, or mahuang moved only 2 m, or 12 m, respectively. Therefore, it can be said that the capacity for locomotion and ambulatory function of the rats fed these drugs was significantly decreased compared with that of control rats. On the other hand, the staying time of the rats administered with drugs when a foot shock was applied was shown to be longer than that of the rats fed PBS as shown in [Figure 2](#F2){ref-type="fig"}. Especially, the staying time of the rats fed mahuang was above 4 sec, while that of rats of control group was about 0.5 sec, which means that the ability to cope with an external stimulus and a sense of direction of the rats administered with drugs were slowed down about 8 times compared with those of control rats.

Next, in a test examining a sense of balance using a rota-rod, the moving time on a rotating rod of the rats administered with drugs was shown to be shorter than that of the rats of control group as seen in [Figure 3](#F3){ref-type="fig"}. In particular, the moving time of the rats fed phentermine or mahuang was 30 or 22 sec, respectively, while that of rats of control group was above 50 sec, which means that the ability to maintain balancing of the rats administered with these drugs were significantly slowed down compared with that of control rats. Finally, spontaneous activities and exploratory behaviors of rats were evaluated in an open field test. The rats of control group were revealed to spend most time resting and grooming ([Figure 4A](#F4){ref-type="fig"}). On the contrary, the mice fed phentermine, or mahuang were shown to spend most time moving slowly or fast as shown in [Figure 4B & C](#F4){ref-type="fig"}. The duration of slow or fast movement by rats in an open field means that they are in a state of wariness or excitement not taking a rest. The retention time of the mice administered with phentermine, or mahuang in slow movement was significantly longer than that of control rats ([Figure 4B](#F4){ref-type="fig"}). In addition, the retention time of the rats fed phentermine or mahuang in fast movement was also longer than that of control rats as demonstrated in [Figure 4C](#F4){ref-type="fig"}. In particular, phentermine was shown to increase wariness or excitement keeping the mice from resting the most.

Discussion
==========

As anti-obesity medications, phentermine is mainly classified as an anorexing agent and mahuang a thermogenic agent. In the present study, we investigated the potential influences of phentermine and mahuang on behavioral changes employing animal experiments because they are considered to display effectiveness through the regulation of nerve system. Although some adverse side effects of phentermine and mahuang have been known, the studies on behavior changes by the influence of these drugs have been rarely performed. From the results of experiments testing locomotor activity through the use of treadmill, rota-rod, and open field, these drugs were commonly revealed to induce behavioral changes of mice by reducing a motor ability, an ability to cope with an external stimulus, and a sense of balance or by augmenting wariness or excitement.

Phentermine is a appetite suppressant and a currently marketed drug for short-term weight management in U.S., Korea, and some countries \[[@B15]\]. Even though Kang et al reported that any systematic adverse events with phentermine were not identified \[[@B22]\], they emphasized in other report that the possible side effects of phentermine such as insomnia, dry mouth, dizziness, palpitation, hand tremor, and elevation in blood pressure and pulse rate should be carefully considered because it has sympathomimetic properties \[[@B15]\]. Another report also insisted that the rate of serious adverse events could be as high as 15 per 1,000 of the patients who received phentermine \[[@B23]\]. In the present study, the rats ingested with phentermine showed a decreased motor ability on a moving treadmill compared to control rats. However, it was revealed that phentermine did not much influence on an ability to react to micro current stimulus and a sense of balance of rats. On the other hand, the rats ingested with phentermine represented the most an affective disturbance and an excitement not taking rest than any other rats in open field test.

Mahuang is a natural substance including mainly ephedrine and d-N-pseudoephedrine and has been used for anti-obesity and weight loss in the east and the west. According to a previous study, mahuang effectively decreased body weight, fasting glucose levels and insulin levels in healthy overweight and obese populations \[[@B24]\]. However, as the adverse side effects related with gastrointestinal, cardiovascular and autonomic nervous system were reported \[[@B25]\], the U.S. FDA prohibited the use of mahuang and ephedrine as food additives in 2004 (<http://www.fda.gov/oc/initiatives/ephedra/february2004/finalsummary.html>). This means the prohibition of an indiscreet use of mahuang and ephedrine in health supplements, but not of the application in medications. From the results of locomotion activity tests in the present study, mahuang was also shown to significantly reduce a motor ability, an ability to react to external stimuli, and a sense of balance of rats. However, mahuang did not induce the severe excitement in rats though alertness and anxiety were observed by the ingestion of mahuang.

Taken together, these results revealed that phenternime and mahuang induced a slowdown in locomotor activity, a loss in balancing and an increase in wariness or excitement. These adverse effects of phenternime and mahuang in behavioral changes might be cautiously forecasted in humans and therefore should be reflected in the prescription of these drugs. As stressed again, phentermine and mahuang should be prescribed for only obesity where it is anticipated that the benefits of the treatment outweigh these potential side effects. In addition, the mechanisms related with behavioral disturbances of these drugs should be investigated for the reduction of the adverse effects in further studies.
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![Measurement of the moving distance on a treadmill. Treadmill has a metal bar that provides a foot shock (0.4 mA micro current) that causes a tingling sensation. After rats were subjected to a running test on a treadmill at 15 cm/sec, the moving distance on a metal bar were measured during three-times of foot shock. Data are presented as mean±SEM. A value of *P*\<0.05 (^\*^) was considered to be statistically significant compared to control.](lar-30-73-g001){#F1}

![Measurement of a staying time on a treadmill. After rats were subjected to a running test on a treadmill at 15 cm/sec, the staying time which is the elapsed time for a rat to return to the front of a moving platform when a foot shock stimulation was applied to a rat was measured. Data are presented as mean±SEM. A value of *P*\<0.05 (^\*^) was considered to be statistically significant compared to control.](lar-30-73-g002){#F2}

![Measurement of a sense of motor coordination and balance using a rota-rod. Rats were subjected to a moving test on rota-rod test system of which rotation speed was accelerated from 5 rpm to 40 rpm within 30 sec in an early stage and maintained at 40 rpm afterwards. The time of falling off the rod was recorded for each mouse. Data are presented as mean±SEM. A value of *P*\<0.05 (^\*^) was considered to be statistically significant compared to control.](lar-30-73-g003){#F3}

![Measurement of spontaneous activities and exploratory behaviors in an open field. Mice were placed in a quiet black chamber with dim light, and the time spent for each type of movements, i.e., (A) resting (below 100 cm/sec), (B) slow-moving (100\~300 cm/sec), and (C) fast-moving (300\~500 cm/sec), was recorded for 5 min for each mouse. Time interval between movements was 5 sec. Data are presented as mean±SEM. A value of *P*\<0.05 (^\*^) was considered to be statistically significant compared to control.](lar-30-73-g004){#F4}
